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Abstract: The present study examines the possibility of increasing the levels of some bioactive compounds
in Spirulina plantensis cultivated in media containing various hydrogen peroxide concentrations (2, 4, 6
and 8 mM) as a model for environmental stress. Spirulina plantensis showed significant linear increase in
antioxidant enzyme activities, i.e., catalase (CAT), peroxidase (PX), Ascorbate Peroxidase (AXP) and
superoxide dismutase (SOD), with increasing H,O, levels. A pronounced decrease of oxidative lesions
indexes (thiobarbituric acid reactive substances (TBARs) and alkyl radical-PER signal) was noticed. HPLC
profile of carotenoids and tocopherols of treated algae revealed that algae responded to the change of H,O,
exposure by modifying their cellular contents and compositions. Significant positive correlation was
observed between the increase of H,O, in media and increasing the amounts of astaxanthine, lutein and a-
tocopherol. Also, hydrophilic antioxidants (glutathione and ascorbic acid content) were increased with
increasing H,O, concentration. These data revealed that Spirulina plantensis behaved differently strategies
against H,O, exposure which is dose dependent and strongly correlate with the activities of antioxidant
enzymes and antioxidant compounds. Therefore, make Spirulina plantensis good candidates for successful
cultivation in artificial open ponds under different environmental conditions as high value health foods,
functional foods and as source of wide spectrum of nutrients.
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INTRODUCTION

Hydrogen peroxide is a product of microalgae and
plants through of photosynthesis, photorespiration,
respiration and other metabolic processes, as result
from the enzymatic activity of glycolate oxidase, urate
oxidase and amino acid oxidase [1]. However, major
pathway for production of HO, is conversion from
superoxide (O,") produced through the transfer of an
electron from ferredoxin of photosystem I (PSI) to O,
(Mehler reaction) by the action of Superoxide
Dismutase (SOD). Also, SOD produces H,O, from
other superoxide sources such as mitochondria SOD
[2], cytochrom P450 system and enzymatic activity of
xanthine oxidase and galactose oxidase [1, 3].
However, H,O, and other reactive oxygen species
(ROS) produced in a number of cellular reactions,
including the iron-catalysed Fenton reaction and by
various enzymes such as lipoxygenases, peroxidases
and NADPH oxidase [4]. HO, and other ROS in a
constantly produced in all aerobically living cells and
these are potentially toxic to cells [5]. For example,

H,O, can injure cells at the higher concentration or
lead to acclimation at moderate kvels [6]. H,O, itself
is not particularly react with most biologically
important molecules but it is probably an intracellular
precursor for more reactive oxidants as it passes
quickly through membranes by diffusion [7].
Consequently, reduces photosynthesis process by
inhibiting a number of photosynthetic enzymes [3],
such as fructose 1,6 bisphosphatase, ribulosesphosphate
kinase and ribulose bisphosphate carboxlase, oxygenase
and other enzyme such as SOD [1, 8. The uncontrolled
production of ROS molecules by protective system,
may destroy proteins, lipids and pigments. The
xanthophylls cycle in the thylakoid membranes
dissipates excess energy and help plants to avoid the
production of singlet oxygen [9].

Algae contain several enzymatic and non-
enzymatic antioxidant defense systems to maintain the
concentration of ROS (O, and H0,) to protect cells
from damage [10-12]. The main cellular components
susceptible to damage by these ROS are lipids
(peroxidation of poly-unsaturated fatty acids in
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membranes), proteins (denaturation), carbohydrates
and nucleic acids [13, 14]. The essential for ROS
detoxification  during normal metabolism  and
particularly during stress, are antioxidant defenses
system [14]. The primary scavenging enzymatic
defenses system include SOD, calalase (CAT) and
glutathione peroxidase, (GPX) and peroxiredoxin
(PrxR) [11, 15]. These enzymic detoxification system
involving the action of SOD and reductase, either
quench toxic compounds or regenerate antioxidants
with the help of reducing power provided by
photosynthesis [16]. Non-enzymatic defenses include
carotenoids, tecopherols (TOH)) and ascorbic acid
(AA), glutathione (GSH) and chlorophyll derivates.
Both systems provide adequate protection against
effects ROS, under stress condition [17]. The changes
in enzyme and non-enzymatic system have been the
focus of several algae stress studies. It was postulated
that increases in antioxidant levels are correlated with
reduce the cells injury [18-20]. One the contrary,
decreased antioxidant activity in stressed tissue resulted
in higher levels of AOS may lead to injury [21].
However, at low levels, H,O, resulted in induction of
defense genes such as glutathione Stransferase and
glutathione peroxidase. The hydrophilic antioxidants
AA and GSH effectively scavenge oxygen radicals.
Carotenoids and TOH remove ROS directly from the
pigment bed [22]. Finally, Foyer and Noctor [23]
reported that the changes in ROS, fluctuations in the
antioxidants concentrations in photosynthetic cells
might have important consequences not only for
defense metabolism but also for the regulation of genes
associated with adaptive responses.

The aim of the present study was performed to
determine the response of Spirulina plantensis to H,O,
stress, which might be used as a possible source for

antioxidative substances for  commercial or
pharmaceutical purpose.
MATERIALS AND METHODS

Algae source: Spirulina plantensis was obtained from
the Culture Collection of Texas University, Austin,
Texas, USA.

Growth conditions: Alga was cultured in 4 L
Erlenmeyer flasks containing autoclaved 3 L Zarrouk’s
medium [24]. The medium was enriched with H,0O,
(Sigma, 30%, w/v) at source in concentrations of 0, 2,
4, 6 and 8 mM. The pH of the medium was adjusted to
pH 10.5 with 1 M NaOH prior to autoclaving. The
cultures were gassed with 0.3% CO; in air and the algae
were cultivated at 25°C£3. The cultivated flasks were
illuminated 24h with continuous cool white fluorescent
lamps at 400 W (Philips).
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Growth measurements: The growth of Spirulina
plantensis ~ was  spectrophotometrical ~ measured
according to Payer [25] methods.

Harvesting: The algal growth culture at stationary-
phase was harvested by centrifugation at 6,000 X g for
15 min at 4°C and frozen at-20°C.

Extraction of lipophilic antioxidants: Carotenoids
and tocopherols were extracted from algal cells with
tetrahydrofuran (1: 10 w/v) in the present of BHT (30
mg g_l) (2,6 ditertra-butyl-p-cresol) and magnesium
carbonate (100 mg g_l). After 24 h, an aliquot of the
clear extracted pigments was filtered and evaporated to
sample volume of 5 mL under a stream of nitrogen. The
extracted pigments were saponified with methanolic
potassium hydroxide (25 mL of 10%) for 2 h at room
temperature, then the lipophilic antioxidants were
extracted with dichloromethane. The solvent layer was
then separated, washed several time with distilled
water, then dried over Na,SO, and dried under stress of
nitrogen.

Determination of algal total carotenoids: Total
carotenoids were determined by spectrophotometrically
method at 450 nm and B-carotene served as a standard
compound was used for preparing the calibration curve
[26].

Characterization of carotenoids by HPLC:
Separation and identification of carotenoids were
carried out by Liquid hromatographic system. The
system consisted of a spectra system UV 2000 detector
(hold at 438 nm), spectra system P2000 pump and
Chromosil Gg analytical column (25 cm x 4.6 mm i.d,
5 um particle size). Mobile phase was 8:1 (v/v)
acetonitrile: methanol, at flow rate of 1 ml min .
Samples were dissolved in mobile phase and 10 pl was
injected. Some available standard carotenoids: -
carotene, zeaxanthin, lutein, astaxanthin  and
cryptoxanthin (Sigma) were also run by the same HPLC
method [20, 27].

Determination of algal tocopherols: Tocopherols
were determined by HPLC method. HPLC system
equipped with Spectra System UV2000 detector at 290
nm and separated on Vydac analytical column (25 cm
X 4.6 nm i.d, 5 um particle size). Tocopherols were
eluted with acetonitrile: methanol (9:1 v/v) at a flow
rate of 1 ml min~". Standard of a-tocopherol with purity
not lass than 99% (Sigma) was run under the same
conditions [20].

Extraction and determination of ascorbic acid:
Ascorbic acid (vitamin C) was extracted from the
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algal cells with 2% metaphosphoric acid and
spectrophotometrically determined by using 2, 6 di-
chlorophenol indophenol dye [28].

Preparation of cytosolic fraction: Algae cells were
excised and homogenized with ice cold extraction
buffer (5ml 250 mM sucrose and 25 mM Tris, pH 7.2).
The homogenate was centrifuged at 16,000 Xg for 20
min at 4°C. The supernatant was used for the estimation
of glutathione (GSH), lipid peroxidation, protein
content and enzyme assay.

Enzymes assays: The activities of cytosolic SOD (EC,
1.15.1.1) and PX activity (EC, 1.11.1.7) were
spectrophotometrically [29, 30] respectively. The CAT
enzyme (EC, 1.11.1.6) activity was assayed
spectrophotometrically by the decomposition of H,O, at
240 nm in a reaction mixture containing of a 10 mM
H,0, and 25 mM phosphate buffer, pH 7.0 [31]. APX
(EC 1.11.1.11) was determined according to Nakano
and Asada [32].

Determination of glutathione (GSH): The GSH
content of algal cell extracts was measured by reaction
with 5,5 dithiobis -2-nitrobenzoic (DTNB) according
to Silber et al.[33]. The level of GSH was expressed
as uM.

Determination of lipid peroxidation products: The
lipid peroxidation products in algal cell extracts were
estimated by determining the thiobarbaturic acid
reactive substances (TBARS) as described by
Haraguchi et al. [34]. The lipid peroxidation was
expressed as micromoles of malonaldhyde (MDA).

Detection of free radicals by ESR-Spain: The algal
cells (0.2 g) from both control and treatment were
lyophilized in a speed Vac Sc 100 (Savant). The
powdered cells (0.05 g) were mixed with 1,1 diphenyl-2
picrylhydrazyl (DPPH). No increased in back ground
ESR signal occurred when DPPH alone was exposed to
UV-light. ESR spectra were obtained at room
temperature (approx. 18°C) using a Bruker (Karlsruhe,
Germany), Spectrometer ELEXSYS E-500 was
operated at 9.808 GHz with 100 kHz modulation
frequency. EPR instruments settings for the Spin
trapping experiments were: microwave power, 20.2
mW; modulation amplitude 1.0 G; time constant, 51
ms; receiver gain 60.0. EPR for all samples were
recorded at exactly the same spectrometric settings and
the first derivative EPR spectra were double-integrated
to obtain the area intensity.

Determination of proteins: Protein content of algal
buffer extracts was estimated according to Bradford
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[35], at 595 nm, using comassein blue G 250 as a
protein binding dye. Bovine serum albumin (BSA) was
used as a protein standard. Protein concentrations in the
samples were calculated from the calibration curve, in
mg protein in ml extract. Activities of SOD, CAT and
POD were normalized to protein concentration.

Statistical analysis: The experiments were done in
triplicate. Data are expressed as the means 3D
(standard deviation). Results were analyzed by one-way
ANOVA and Student’s ttest at significance level of
5%. All analyses performed using Co Stat software
version 4 (Abacus Concepts, Inc., Berkeley, CA).

RESULTS AND DISCUSSION

Effect of different H,O, concentrations on Sp.
plantenes growth: The addition of H,0, at different
concentrations (2, 4, 6 and 8 mM) to culture media of
Sp. plantenes was regarded as indication for tolerance
against artificial H,O, stress (Fig. 1). The dry biomass
of algal (expressed as mg L' DW) was gradually
reduced under H,O, stress in dependency of exposure
time and H,O, concentration, After third and sixth days
of exposure, a dramatic decrease in biomass was
recorded at 2-8 mM H,O, The dry biomass value was
significantly reduced from 70 to 52% of the control
(100%). After 9, 12, 15 and 18 days of exposure, the
D.W values was about 84, 82 81 and 79%, respectively
of the control in cells grown at 2 mM of H,O,. While,
after 21 and 24 days, the DW was reduced and reached
to about 92 and 96%, respectively of the control. No
bleaching process was noticed at these levels
concomitantly the cells exhibited much softer
consistence. Under the highest H,O, level, DW value
was significantly reduced to 52, 51, 56, 77, 68, 68, 72
and 72% of the control (100%), after 3, 6, 12, 15, 18
and 21 days respectively and the cells did not start to
bleach. In general, the results revealed that Sp.
plantenes tolerated up to 8 mM H,0, which the
biomass was still

—&— Without HC
—& 2mMH,0,
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—%— 6 mM HQ
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Fig. 1. Effect of hydrogen peroxide on growth (Dry
weight mg ™ of Spirulina plantensis
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Table 1: Effect of hydrogen peroxide on antioxidant substances of Spirulina plantensis

a-Tecopherol Ascorbic acid GSH
Treatment mgg’ Ratio mgg’ Ratio M Ratio
Control without H,O, 0.96 1.00 3.80 1.00 88.32 1.00
2 mM H;0./L 1.69 1.76 7.11 1.87 115.2 1.30
4 mM H,0,/L 4.31 4.48 9.39 2.47 163.7 1.80
6 mMH,0,/L 5.61 5.84 11.23 2.95 190.8 2.16
8 mM H,0,/L 8.36 8.71 16.35 4.30 223.6 2.50
Table 2: Influence of hydrogen peroxide on caroteniods of Spirulina plantensis
B-carotene Astaxanthine Luteine Zeaxanthine Cryptoxanthine  Total carotenoids

Treatment pgg' Ratio pg@'  Ratio pgg' Ratio pgg'  Ratio pgg! Ratio mgg’ %  Ratio
Control 39.12 1.00 5.61 1.00 0.301 1.00 1.56 1.00 1.69 1.00 4.61 0.46 1.00
2 mMH,0, 62.35 1.59 9.11 1.62 0.510 1.70 2.65 1.70 2.35 1.40 8.36 0.83 1.81
4mM H0, 90.35 2.31 14.21 253 0.981 3.26 3.21 2.06 3.65 2.16 15.11 1.51 3.28
6 mMH,O,  124.32 3.18 18.13 3.23 1.180 3.92 3.65 2.34 4.98 2.95 2221 222 4.80
8mM H0,  133.54 341 26.14 4.66 1.320 4.38 5.66 3.63 6.69 3.96 35.25 3,52 7.65

All values are significant at (P<0.5)

about 50% of the control culture and the cells did not
start to bleach this mean that the photosynthetic activity
was found of HO,, during the entering experiment.
Same pattern was observed thought out the
experimental periods for other concentration levels.

Effect of oxidative stress on antioxidant compounds:

In order to determine the compounds that may
influence the resistance of Sp. plantensis to H,O, stress,
the algae cells were extracted with lipophilic and
hydrophilic solvents. Subsequently, the quantity of
antioxidant compounds were determined and identified
by specrophotometric and HPLC chromatographic
methods.

Hydrophilic antioxidants: The cellular contents of
ascorbic acid (AA) and glutathione (GSH) in Sp.
plantensis grown under HO,-stress are shown in
Table 1. AA and GSH contents in Sp. plantensis was
gradually increased as response to increase of H,O»-
stress, in dependency of time and H,O, concentration.
At low H,0, concentration (2 mM), AA and GSH
contents were increased being about 1.87 and 1.30
times that of in control cells. Whereas, under highest
H,0, concentration, their values were 4.3 and 2.5 fold
as great as that in control cells. Therefore, H,O, stress
led to increased GSH biosyntheses. Compared to Sp.
plantensis unvested, the capability of GSH level was
significantly increased as resulted to increased HO,
concentration in culture media. Thus, the concentration
of both AA and GSH antioxidant compounds are
increased as a result increasings HO, concentration
and the increasing in GSH content was greater than
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the increase of AA. The increase in AA and GSH
found in Sp. platensis is in accordance with results
of Karpinski et al. [12]. They showed that GSH can
act as a messenger molecule in cellular signal
transduction and as a factor in plant defense against
oxidative stress. These results support the hypotheses
that cells of algae elevated glutathione levels in
response to HO, challenge. Hence, oxidative stress
enhanced the ability to synthesis GSH which induce
the development of resistant of cells [36]. Noctor
et al. [37] stated that during oxidative stress
associated with catalase inhibition, or ozone exposure,
GSH accumulates. High cellular GSH levels are
associated to heavy metal-stress in plant cells. In other
words, heavy metal exposure has been shown to lead to
accelerated GSH synthesis in cultured cells [38, 39].
Similarly, GSH accumulation is found to compensate
for decreases in the capacity of other antioxidants and
depleted of GSH increased the sensitivity to oxidative
[40]. Hence, the increasing in both of cellular AA and
GSH contents are correlated with H,O,-stress. This may
due to the role of AA in reductive detoxification of
H,O0,, which must therefore, be continuously
regenerated from its oxidized form. A major function of
GSH in protection against oxidative stress is re-
reduction of AA in ascorbate-glutathione cycle. In this
path way GSH act as a recycled intermediate in the
reduction of HO, using electrons derived, ultimately
from H,0, [37, 41].

Lipophilic antioxidants
Tocopherol content: Tocopherols (TOH) values
obtained in Sp. plantensis grown in media containing 2,
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Fig. 2: HPLC profile of carotenoids and tocopherol of Spirulina plantensis as effected of H,O, concentration

Compound RT
Astaxanthin 3.6-4.2
Lutein 5.5-6.2
Cryptoxanthine 8.9-9.5
[B-carotene 12.0-13.5
Zeaxanthin 7.2-8.2

1-Standard of Carotenoids

2-Sp. P. carotenoids under optimum conditions
3-Sp. P. carotenoids under 2 mM H,0,/L
4-Sp. P. carotenoids under 8§ mM H,0, /L

5-Standard Alpha tocopherol

6-Sp. P. Tocopherol under optimum conditions
7-Sp. P. tocopherol under 2 mM H,O0, /L
8-Sp. P. tocopherol under § mM H,0, /L
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Table 3: Effect of hydrogen peroxide on antioxidant enzyme system sueroxide dimutase, ascobate peroxidase, catalase and peroxidase of

Spirulina plantensis

Ascorbate preoxidase Preoxidase

Superoxude dismutase Catalase

Treatment U mg protein™  Ratio U mg protein™ Ratio Umg protein™'  Ratio U mg protein™'  Ratio
Control 1.35 1.00 3.17 1.0 6.22 1.00 4.12 1.00
2 mM H;O,/L 4.12 3.05 15.31 4.8 11.16 1.79 17.21 4.20
4 mM H,O,/L 6.21 4.60 18.53 5.8 19.25 3.09 25.18 6.11
6 mMH,O,/L 9.96 7.40 25.46 8.0 26.01 4.18 34.09 8.30
8 mM Hx0,/L 11.64 8.62 30.46 9.6 35.62 5.72 41.32 10.03

4,6 and 8 mM HO, were 1.69, 431, 5.61 and 8.36
mg g ', respectively, compared with 1.5 mg g ' in
control cells. In other words, cells grown under H,O,-
stress increased the TOH content being about 1.76,
4.48, 5.84 and 8.71, respectively, times greater than in
the control cells. Therefore, the increased of HO, is
correlated with increased cellular TOH content.
Tocopherol compounds play an important role as
antioxidant, in microalgae cells and act as stabilizer of
membrane lipids [42]. Tochopherol act as a chain-
breaking antioxidant and as chemical scavengers of O,
radicals, i.e., able to repair oxidizing radical directly,
preventing the chain propagation step during lipid
peroxidation [11, 13]. The regeneration of the oxidizing
TOH to its reduced form TOH can be achieved by
AA or GSH.

Total carotenoids content: The total carotenoid
content of Sp. Plantensis (Table 2) was gradually
increased under HO, stress in dependency on H,0,
concentration. The cellular content of the total
carotenoids is significantly different among H,0,
concentration and their levels amounted to between
8.36 and 35.25 mg g'. Compared with untreated cells
(4.61 mg ¢), the cells exposure to 2, 4, 6 and 8 mM
H,O0, led to accumulation higher amount of total
carotenoids, with values 8.36, 15.11, 2221 and
35.25 mg g', respectively. These values were being
about 1.81, 3.28, 4.80 and 7.65 time as great as that
obtained in control cells.

The HPLC chromatogram of Sp. plantensis
carotenoids (Fig. 2) showed the presence of B-carotene,
astaxanthine, luteine zeaxanthin and cryptoxanthin as
the major components along with other carotenoids
(unidentified peak). The identities of these carotenoids
were confirmed by relative retention time and spiking
with standard carotenoids. The concentrations of
B-carotene, astaxanthin, luteine, zeaanthin and
cryptoxanthin in control cells were 39.12, 5.61, 0.30,
1.56 and 1.69 pg g_I, respectively. These values for
cells grown in a media containing 2 and 8 (in
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parenthesis) mM H,O, were 62.35 (133.54), 9.11
(26.14), 0.51 (1.32), 2.65 (5.66) and 1.69 (6.96) pg g,
respectively. On the other hand, these values increased
by about 1.59 (3.41), 1.62 (4.66), 1.70 (4.38), 1.70
(3.63) and 1.4 (3.96), respectively times as that in
control cells. The accumulation of carotenoids occurs
when microalgae cells grown in full nutrient culture
media are incubated under specific conditions that limit
cell growth including nutrient imbalance (as low
nitrogen levels), oxidative stress, illumination of high
intensity and high concentration of salt [11, 43, 44].
The present results show that Sp. plantensis
accumulated high amount of carotenoids when grown
under HO, stress, are in accordance with previously
mentioned data for Sp. plantensis producing
carotenoids when exposed to ultraviolet P-radiation
[11]. Generally, the accumulation of carotenoids in
S. plantensis can be induced by HO, stress. The
carotenoids and their derivatives act as secondary
photosynthetic pigment and as protectors against
chloroplastic oxygen species dissipation processes [45].
Its ability of protection against photooxidative damage
has been associated to the capacity of carotenoids to
dissipate the excess of light acting as filter and to their
antioxidant properties [45, 46]. However, the role of
carotenoids in protection of chloroplastic response
against oxidative damage in one of four ways: by
reacting with lipid peroxidation products to terminate
the chain reaction; by scavenging singlet oxygen
and dissipating the energy as heat; by reacting with
triplet or excited chlorophyll molecules to prevent
formation of singlet oxygen, or by the dissipation
or excess excitation energy through the xanthophylls
cycle [44, 47].

Antioxidant enzymes: The activities of SOD enzyme
in control and H,O, exposed cells of Sp. plantensis are
shown in Table 3. A relationship between H,0,
concentration and SOD activity was observed. At
highest H,O, concentration (8 mM) the cells exhibited
the highest SOD activity with value of 35.62 U mg ™'
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Table 4: Effect of hydrogen peroxide on free radical levels and lipid peroxidation of Spirulina plantensis

Treatment Relative radical levels (%) Lipid peroxidation MAD mM ™' mg protein Ratio
Control without H,O, 100% 1.55 1.00
2 mM H;0,/L 164.2 4.32 2.78
4 mM H,0,/L 250.3 6.61 4.26
6 mMH,0,/L 355.6 9.35 6.03
& mM H,0,/L 422.3 12.61 8.14

protein, compared with 6.22 U mg ' protein in control
cells. However, exposed cells to H,O, at 2, 4,6 and
8 mM increased SOD activity levels with about 1.79,
3.09, 4.18 and 5.72 as great as that in untreated cells.
The APX and PX activities are shown in Table 4.
Under H,O;-stress APX and PX in algae were
significantly higher (P<0.05) than the control. Looking
at the changes in the activity of both enzymes in all
treated cells, one would observe that the PX had higher
activity than APX. For instance, at 2 and 8 (in
parentheses) mM HO,, the values of PX and APX
activities were 4.12 U mg_1 protein (11.64 U mg_1
protein) and 1531 U mg_1 protein (30.46 U mg_1
protein), respectively.

Similar trends were observed in the effect of H,O,-
stress on CAT activity. Exposed algal to H,O,-stress
significant correlated with the increase of CAT activity
(Table 3). CAT activity was increased in cells grown at
lower and highest H,O, concentrations, being about 4.2
and 10.03 respectively times as great as that in control.
However, HO, is produced during different metabolic
processes such as photorespiration in chloroplasts [48].
H,0O, affects the integrity of cells because it is a
precursor of highly reactive oxygen species such as
hydroxyl radical (HO) which attacks protein, lipids and
nucleic acids [5]. Oxidative bursts caused by high level
of H,0, play a role during the defense of plant against
pathogens [49]. Thus, by means of the enzyme SOD,
APX, PX and CAT keep low levels of toxic
compounds. However, among these enzymes CAT has
the highest specific activity in U mg~' protein, CAT:
>1800, PX: 262-9-292; APX (34-254) [50]. The algae
are more resistance to H,O; than that of higher plants
due to structural difference of thiol-mediated enzyme
[9]. The essential for ROS detoxification during normal
metabolism and particularly during stress, are
antioxidant enzymes defenses system [14]. The primary
scavenging enzymatic defenses system include SOD,
calalase and glutathione peroxidase, (GPX) and
peroxiredoxin (PrxR) [11, 15]. These enzymatic
detoxification system involving the action of SOD and
reductase, either quench toxic compounds or regenerate
antioxidants with the help of reducing power provided
by photosynthesis [16]. Our results revealed that
lipophilic and hydrophilic contents in Sp. plantensis
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was positive affected by H,O, concentration till the end
of experiment. No or little bleaching was occurred in
the Sp. plantensis algal (blue-color) which explain the
dramatic decline in protein content due to degradation
of phycobiliprotein pigment or accumulation large
amount of carotenoids in cells grown under highest
H,0, stress. Therefore, photosynthetic efficiency was
decreased in H,O, stressed cell than that in control as a
results of few pigments working for photosynthesis.
Negative correlation between protein content and H,O,
stress in many algae species was found by
Dummermuth et al. [19]. In contrast, enzyme activities
of SOD, PX, APX and CAT were increased which
support the data presented here for elevated enzyme
activities. Finally, antioxidant compound including
ascorbic acid, GSH contents in Sp. plantensis were
increased under H,O, stress. The increasing in these
compounds was correlated well with an obvious
stimulation of an oxidant enzyme. Treatment of plant
cells with oxidants increased cell tolerance to
subsequent oxidative challenges. This adaptive
response could stem from the activity of antioxidant
enzymes and related proteins [51].

Effect of oxidative stress on lipid peroxidation and
stable free radicals: One of the expected consequences
of stress-induce cellular build-up of active oxygen
species is an increase in stable free radical (SFR) and
lipid peroxidation. The assay of cellular accumulation
lipid peroxidation products, in the form of
thiobarbituric acid reactive substances as MAD and
stable free radicals (measured by PER), can provide a
comparative indication of such activity. Data relevant to
free radicals and MAD generated in Sp. Plantensis cells
exposed to H,O, stress are shown in Table 4 and Fig. 3.
The H,0, stress induced progressive increases in
accumulation of MAD and stable free radicals (SFR) as
a biomarker for lipid peroxidation in Sp. Plantensis
cells. The increase in their biomarker level was a
gradually increased in cells grown under H,O, stress in
dependency of H O, concentration. The MAD values
were increased in cells exposed to 2, 4, 6 and 8 mM
H,0, concentrations being about 2.78, 4.26, 6.03 and
8.14, respectively times as great as that found in control
cells.
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Fig.3: Effect of hydrogen peroxide on lipid

peroxidation of Spirulina plantensis

Figure 3 and Table 4 show the values of relative %
of stable free radicals (the values recorded with g-value
at maximum absorption of 2006) in lyophilized Sp.
Plantensis cells grown under H,O; stress . Treatment
with 2, 4, 6 and 8 mM H,O, resulted in increases
relative values of SFR by nearly about 164, 250, 355
and 422% than that in control cells (100%). Therefore,
increased H,0O, concentration in culture media
enhancment the production of hydroxyl radical.OH,
which leads to lipid peroxidation process. However, the
enhanced of lipid peroxidation was occurred in several
microalgae species may results from complexity of
environmental factors such light, solar radiations and
oxidative stress [11, 52].

In the photosynthetic apparatus of plants reactive
oxygen species are produced mainly by excess
excitation energy that lead to an over reduction of
photo-system II and yield singlet-oxygen and by
leakage of electrons to molecular oxygen yielding
superoxide (O7) electron. Consecutive reaction form
H,0, and the highly toxic free.OH radical [53]. Also,
ROS are constantly produced in all aerobically living
cells and these are potentially toxic to cells [54]. These
molecules if not controlled by protective system may
destroy biological molecules such pigments, lipids and
proteins. The =xanthophylls cycle in thylakoid
membranes dissipates excess energy and helps plants to
avoid the production of ROS [8]. On the other hand,
carotenoids and tocopherol remove singlet oxygen
directly from the pigment bed [22].

The present study shows that Sp. Plantensis
stimulated the protective system when grown
under H,O, stress. The redox status of cells is
maintained by an integrated net constitutive and
inducible antioxidant enzyme (e.g., SOD, CAT, APX
and PX) in coordination with fluctuating intercellular
levels of low-molecular weight of antioxidant
compounds such as GSH, AA, carotenoids and
tocopherols. Algae response to stress by the increased
production of antioxidant or elevated activity of
protective enzymes. If the protective and repair
capacities are exceeded, proteins, lipids and pigment
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suffer oxidation damage [11, 55]. On the other hand,
algae species exhibited different tolerance and
strategies against HO, exposure, which are dose and
time dependent, but also, strongly correlated with
antioxidant enzyme activities.

In addition to the scientific information derived
from these studies, over productions of the enzymatic
and non enzymatic antioxidants in Sp. plantensis have
opened the door to novel possibilities for commercial
exploitation. As a manipulatable product, GSH, AA,
TOH and carotenoids have dual interest. First, its have
intrinsic values as a flavors precursor and color in food
and as an anti-carcinogen and antioxidant [56-58]. Due
to these properties, non-enzymatic antioxidants have
appreciable potential value as a medicinal products and
as an additive for pharmaceutical, food or cosmetic
applications. Secondly, Sp. plantensis can be used as a
model for the biotechnological production of
antioxidant compounds.
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